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INTRODUCTION
General Principles
In the last twenty years, wildlife biologists and biochemists
have accumulated evidence that DDT (Appendix, Table l) has had dele-
terious effects on the survival or reproductivity of diverse species of
wildlife (Hotchkiss and Pough, 1946; Mitchell, Blagbrough, and
Van Etten, 1953; Hickey and Hunt, I960),
In the densely populated state of Massachusetts, government and
private agencies have studied the problem of insecticide pollution of
aquatic habitat with respect to the reduced productivity of several
avian species, Grice (1963), of the Massachusetts Division of Fisherie
and Game, demonstrated reduced productivity of Wood Ducks ( Aix sponsa )
in eastern Massachusetts after 1956, In that year, there had been wide
spread spraying of E®T to control the insect vectors of equine encepha-
litis.
From March, 1964 to June, 1965, I conducted a laboratory
experiment to determine the effects of DDT on Wood Duck productivity.
The study was supported by the Massachusetts Cooperative Wildlife
Research Unit and was conducted in cooperation with the Massachusetts
Division of Fisheries and Game,
Objectives
1, To determine whether DDT was present in the eggs and duck-
lings of wild Wood Duck pairs.
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22. To determine whether these amounts of DDT affected the
viability of embryos and the survival of ducklings under laboratory
conditions.
3. To determine the effects on and the concentrations in duck-
lings of E®T administered to the ducklings for a prolonged period.
4. To determine insecticide concentrations in wild Wood Ducks
shot in the fall that had been feeding in known areas.
To fulfill the objectives, 19 Wood Duck clutches collected from
eastern Massachusetts were artificially incubated. Several eggs were
separated from each clutch for insecticide analysis. The ducklings
that hatched were raised for five weeks in captivity. Fifteen broods
were released at the Great Meadows National Wildlife Refuge for further
observation. Four broods were given orally low daily doses of ES)T for
five and one**half months. Tissues of seven wild Wood IXicks were
collected from hunters near Great Meadows Refuge. Lastly, Wood IXick
eggs, ducklings, and brain, breast, and liver tissues were analyzed for
p,p* DDT, o,p* DDT, and p,p* DDE (Appendix, Table l) by electron
capture gas chromatography.
A Review of Previous Work
In&sg.tiside-ife,3^dl4fg Field Studies
When insecticide-wildlife experimentation was in its formative
stage, Stewart and his colleagues (1946) reported that an area of 31
acres sprayed with DDT at the rate of two lbs per acre had bird popula-
tions that were comparable to populations on two control areas with
only one exception. The American Redstart ( Setoohaga ruticilla ) popula-
tion was reduced by 75 percent on the sprayed area.
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3Odum and Norris (1949) failed to find evidence of bird mortality
in late summer censuses in Georgia pecan orchards that had been sprayed
with DDT at rates of two to 6.5 lbs per acre. They felt that lowered
utilization of the orchards by feeding and nesting birds in this period
was the reason for no observed mortality.
Hoffman, Janson, and Hartkorn (1958) found no evidence that DDT
applied at the rate of one lb per acre affected either the adults or
the chicks of three species of Grouse ( Dendragaous obscurus . Bonasa
umbellus . and Canachites canadensis ) in Montana.
In these three field studies, the biologists indicated that after
one year of application I»T had not become incorporated into the food of
most of the birds studied. Only the population of an insectivorous
species had been reduced.
In a later field study. Hunt and Bischoff (i960) found evidence
that Western Grebes ( Aechmorchorus occidentalis ) at Clear Lake,
California were killed by E©D contained in fish and insect food.
Wurster and his colleagues (1965) found that Myrtle Warblers
( Dendroica coronata ) and Tree Swallows ( Iridoorocne bicolor ) that died
after DDT spraying for insect vectors of Dutch elm disease contained
greater than 30 ug DDT/g of brain. The birds were considered to have
died from DDT intoxication. Vlfcirster and his colleagues suspected that
the birds were poisoned by DDT contained in living insects.
The authors of the latter field studies indicated that repeated
spraying of DDD and DDT contaminated the food chains of insectivorous
and piscivorous birds. As the insecticides progressed up the food
chains, they became more concentrated and may have killed the higher
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4organisms in the chains, whereas the lower organisms survived.
Insecticide-Wildlife Laboratory Studies
Coburn and Treichler (1946) found that adult Pintail ( Anas acuta )
and Mallard ( Anas Dlatvrhvnchos ) ducks were killed by diets containing
greater than 250 ppm of DDT.
DeWitt and his colleagues (1962) reported that productivity of
Mallards raised on diets containing 10 ppm I^T was reduced at least 25
percent.
DeWitt, Stickel, and Springer (1963) found that 50 percent of
young Mallards raised on 500 ppm diets died when their mean total
consumption of was 1,630 mg/kg bodyweight.
The data from these laboratory studies and the data from the
field studies of Hunt and Bischoff (op. cit.) and IIAirster and his
colleagues (op. cit.) indicate that birds ingesting DDT continuously in
their diets may die from DDT intoxication.
Wood Duck Management and Productivity in Eastern Massachusetts
Following the erection of a large number of Wood Duck nestboxes
in eastern Massachusetts (McLaughlin and Grice, 1952), there was a
significant increase in Wood Duck productivity from 1951 to 1955 in
the Sudbury Assabet Concord River (SuAsCo) Watershed. During those
years, Grice (1957) reported that productivity increased from 278 to
768 ducklings hatched at Great Meadows Refuge.
After the initiation of wide^read DDT spraying in 1956, there
was a decrease in productivity to 343 ducklings in 1960. In addition,
the September immature*adult trapping ratio decreased from 4.4*1.0
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5(1951 - 1954 average) to 1.0s 1*0 (i960). Only 21 percent of the 343
ducklings hatched in 1960 survived until September (Grice, 1961).
Grice (1963) had believed that disease or DDT might have been the
limiting factor of Wood Duck productivity in the SuAsCo Watershed, but
he found that the incidence of two common Wood Duck diseases, ompha-
litis and paratyphoid, was low. Conversely, he found that 21 of 35
Wood Duck eggs collected from the area in 1963 contained mean IX)T
concentrations of 25.9 ug/g (dryweight) and that 45 of 126 eggs
collected from the Great Meadows Refuge contained o^an I>DT concentrations
of 13.4 ug/g (Grice, 1964).
Since 1956, Grice (i960) noted that duckling disappearance
occurred primarily within two weeks after hatching. In a laboratory
experiment, Genelly and Rudd (1956) had found that young Pheasants
( Phasianus colchicus ) from parents maintained on E®T diets had signifi-
cantly higher mortality than control Pheasants for two weeks after
hatching.
Since Wood Duck ducklings ingest large numbers of surface
aquatic insects (Coulter, 1957), increased duckling mortality may have
been caused by the combined influences of DDT in Wood Duck embryos and
DDT ingested with the living insect diet of young Wood Ducks.
Scientific and vernacular names of birds used in this thesis
were taken from the A.O.U. Checklist of North American Birds (Fifth
edition, 1957).
Sources of Wood IXick Clutches
Twelve Wood IXick clutches were collected from five areas within
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6the SuAsCo Watershed (Fig. 1 to Fig. 5). Seven clutches were collected
from four areas outside of the watershed (Fig. 6 to Fig. 9).
Four of the areas within the watershed were ponds. These were
Snakebrook Pond, Wayland (Fig. l)j Assabet Brook, Stow (Fig. 2); Ice
House Pond, Acton (Fig. 3); and Upper Research Pond, Westboro (Fig. 4).
The first three ponds were juxtaposed to roads, vrfiereas the fourth pond
was in a more secluded area used for research by the Massachusetts
Division of Fisheries and Game. Of the four ponds, only Snakebrook Pond
had little emergent aquatic vegetation around its edges. The areas of
the ponds ranged from approximately one-half acre to four acres.
The remaining clutch source in the SuAsCo Watershed was Wash
Brook, Wayland (Fig. 5). The brook was surrounded by a marsh of more
than ten acres. The aquatic vegetation in the marsh was dense and high.
Two of the four clutch sources outside of the SuAsCo Watershed
were Mill Pond, Littleton (Fig. 6) and Lake Chaubunagungamaug, Webster
(Fig. 7). Emergent vegetation grew along the edges of both ponds. The
areas of the two ponds were approximately one-half acre and ten acres,
respectively.
The third clutch source, at the Ayer Game Farm, was a dense low
marsh of approximately five acres (Fig. 8). The marsh was bordered by
a dike that ran between the marsh and the Nashua River.
The last clutch source was a marsh of more than ten acres, bi-
sected by Beaver Brook, Littleton (Fig. 9). The marsh was ccxnparable
to the Wash Brook marsh.
Due to the lack of data after 1955 on Wood Duck productivity in
these areas, no comparison could be made between productivity before
and after insecticides were used extensively.
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Figure 1
Snakebrook Pond, l/lfayland. Northwest exposure
from a dike off of Rice Road (Photograph by
S. Jewell, September 28, 1965).
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8Figure 2
Assabet Brook, Stow. South exposure from
Brookside Avenue (Photograph by S. Jewell,
Septendoer 28, 1965).
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Figure 3
Ice House Pond, Acton. Northeast exposure
from Great Road (Photograph by S. Jewell,
September 28, 1965).
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Figure 4
Upper Research Pond, Westboro. Northeast
exposure from the field near the bridge
(Photograph by S. Jewell, September 28, 1965).
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Figure 5
Wash Brook, Wayland. South exposure of the
marsh from Boston and Maine Railroad tracks
(Photograph by S. Jewell, Septeiriber 28, 1965).
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Figure 6
Mill Pond, Littleton. East exposure from
Taylor Street (Photograph by S. Jewell,
September 28, 1965}
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Figure 7
Lake Chaubunagungamaug, Webster. North exposure
from Gore Road (Photograph by S. Jewell,
September 28, 1965).
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Figure 8
Marsh at Ayer Game Farm, Ayer. Northeast
exposure from Shirley Road (Photograph by
S. Jewell, September 28, 1965).
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Figure 9
Beaver Brook, Littleton. East e^q^osure
from Massachusetts Route 119 (Photograph
by S. Jewell, September 28, 1965).
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METHODS
Laboratory Facilities
Experimental laboratory facilities used in this study were
located at the University of Massachusetts, Amherst and in Concord,
Massachusetts. Pesticide analytical laboratories were in Amherst and
at the Massachusetts Division of Fisheries and Game Field Headquarters,
Westboro.
During the 1964 nesting season, 19 Wood Duck clutches were
collected in the wild from areas in eastern Massachusetts (Appendix,
Table 2). The clutches were marked and taken to Amherst for incubation.
Both unincubated and incubated clutches were collected. The number of
eggs per clutch ranged from seven to 23 eggs. Prior to artificial
incubation, one or two eggs were separated from each clutch for
insecticide analyses.
The clutches were incubated in a rotating forced-air incubator
until their twenty-fifth day of incubation. The mean incubating
temperature was 99.5°F and the relative humidity ranged from 85 to 87
percent (Vance, pers. comm., 1963). For the last six days of incubation
the clutches were separated in hatching baskets in a stationary forced-
air incubator. The mean temperature of this incubator was 98°F and the
relative humidity ranged from 92 to 95 percent. In the latter in-
cubator, the eggs were turned manually three times per day.
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The first clutches incubated were sprayed with warm water daily
according to a procedure outlined by Vance (pers. comm., 1964). This
procedure was stopped when late-stage embryo mortality was observed to
be high.
Eggs were candled initially and each week thereafter during
incubation. Embryonic development was compared to an incubation chart
for Wood Duck embryos (Hanson, 1954).
Embryos that died during incubation were refrigerated prior to
insecticide analyses.
Duckling Survival Test
After the ducklings hatched, they were kept in the incubator until
their down dried. Then they were tagged with numbered monel web-tags
(Grice, 1953) and were placed in brooding and rearing pens that were
modifications of Hanson's (l95l) design.
Each of the four pens had a 32 square foot floor area, one-half
of which was initially sectioned for brooding. The brooding area had a
littered wooden floor, polyethylene-lined sides, and was heated by an
infra-red heat lamp. The floor temperature of the brooder ranged from
approximately 90 to 100®F.
The pens were in a building; they did not have individual
shelters as had Hanson's (op. cit.) pens.
The ducklings were confined to the brooder area for five days
and were allowed to use the entire pen area thereafter.
Having been informed that Wood Duck ducklings in captivity were
more interested in escaping than feeding (Ellis, pers. comm., 1964), I
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placed them in a box from which they could escape with difficulty into
the brooder area. The ducklings began feeding immediately.
The ducklings were fed Purina Gamebird Startena until they were
three weeks old. They were then fed Purina EXJck Growena. Feed was
dispensed from disposable chick feeders.
The ducklings were watered with one-gallon glass waterers. They
had no swimming areas, because the drainage system of the building
could not drain a continuous flow of water.
Ducklings that died during the test were frozen prior to whole
duckling insecticide analyses.
Great Meadows Refuge Study
When they were approximately five weeks old, fifteen broods of
ducklings were released at the Great Meadows Refuge, so that Grice
could determine the survival rate of these ducklings during their first
summer and subsequently. Prior to release, the sex of each duckling
was determined and the ducklings were banded with U. S. Fish and Wild-
life Service bands.
Chronic DDT-Dose Test
Four broods of ducklings were used for a chronic IX>T-dose test
(Appendix, Table 3). The ducklings in each brood were randomly web-
tagged and placed in one of four dose groups. The groups were desig-
nated control, and levels 1, 2, and 3 (Appendix, Table 3).
When they were approximately 16 days old, the ducklings in the
respective groups were started on daily oral doses of 0, 20, 50, and 5
mg technical grade DDT in corn oil per kg bodyweight. The doses were
administered into the gut with a 10 ml graduated syringe.
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So that individuals would receive accurate doses, the ducklings
were weighed at the beginning of the test and once per week thereafter.
After five weeks, no mortality had occurred that was attributable
to MDT poisoning. Therefore, the daily dose of level 3 was changed from
5 to 100 mg EOT/kg. At that time, the weighing period was changed from
one to two weeks, because the rate of growth of the ducklings had de-
creased. The ducklings were dosed weekly instead of daily, because 1 did
not have sufficient time to dose the ducklings daily.
Since the ducklings were dosed individually, the four groups were
housed in two of the pens used in the hatchability test. The control
and level 3 ducklings were in one pen; the level 1 and 2 ducklings were
in the other pen.
The ducklings were fed Purina Duck Growena at the beginning of
the test. During the fourth month of the test, the Purina Company
stopped making the duck feed. The ducklings were then fed Purina Turkey
Growena #2. The differences in formulation of the two feeds are given
(Appendix, Table 4).
Three one-gallon glass waterers were sufficient to water the
ducklings in each pen for 24 hours.
At the beginning of the fifth month, one five-gallon galvanized
waterer was substituted for the glass waterers in each pen. This was
necessary, because I was away for longer than 24 hours when collecting
tissues of wild ducks during the hunting season.
After the galvanized waterers were in use for one week, I weighed
the ducks. The ducks in all groups had lost weight since the previous
weighing. In addition, there was increased mortality in the three
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W)T-dose groups. Therefore, glass waterers were again used instead of
the galvanized waterers.
The chronic DDT-dose test was stopped after five and one-half
months.
The brain, breast, and liver tissues of the 18 ducks that died
during the test were excised, weighed, and frozen in individual poly-
ethylene bags prior to analysis for p,p' DDT, o,p* DDT, and p,p* COE.
Banded Wood Duck Tissue Collection
To inform hunters of the collection of banded Wood Duck tissues
near the Great Meadows Refuge during the 1964 waterfowl hunting season,
I mailed a letter (Appendix, Fig. l) to more than 100 hunters in that
area.
The brain and liver tissues of seven Wood Ducks were collected
and processed in the same manner as the tissues of ducks in the chronic
COT-dose test. The breast tissues were not obtained.
The purified DDT samples of these tissues were analyzed one month
after the samples had been prepared. The samples were stored in distilled
hexane at room temperature prior to analysis.
COT-Reoroductive Test
During the 1965 Wood Duck nesting season, an unsuccessful DDT-
reproductive test was conducted. Four pairs of one-year-old Wood Ducks
were used in the test. Two pairs were maintained on a diet including
100 ppm technical grade M)T in Purina Breeder-Cal feed. The other
pairs were maintained on uncontaminated feed. The feed was weighed
daily.
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The DDT was mixed in the feed by first dissolving the insecticide
in distilled hexane. The hexane mixture was then sprayed on the feed
and the feed was mixed for one-half hour in a cement mixer.
The four pairs of ducks were placed in individual sections of an
outdoor pen that had been built on an artificial pond at the University
of Massachusetts. The dimensions of each section were four by 15 feet
by six feet high. The area of each section included both land and water.
Each section contained a wooden nestbox (Bellrose^ 1955) which
was placed four feet above ground. Each section also included a
shelter and a covered feeder of my own design.
Since the pond was in a pasture 9 the edge of the pond was devoid
of dense vegetation. Therefore, pine boughs were placed in the sections
and black polyethylene sheets were placed between the sections to
seclude the individual pairs from each other and from external dis-
turbance.
After the test had been conducted for two months and no breeding
had occurred, the ducks were killed and their tissues were processed
for insecticide analyses.
Analyses
One hundred and ten control, infertile, and nonviable eggs from
the hatchability test were prepared for analysis by procedures formu-
lated at Patuxent Wildlife Research Center, Laurel, Md. (1953). 1
prepared 60 percent of the eggs; Grice prepared the remainder. Division
of Fisheries and Game personnel conducted the gas chromatography.
One hundred and forty-one ducklings and duck tissues were
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prepared for analysis by procedures in the F. D. A. Pesticide Manual
(1965). 1 conducted all preparatory and gas chromatography work.
I analyzed the feces of ar>e group of ducks in the chronic E©T-
dose test (level 2) to determine \«^ether the feces excreted by the
ducks within a two hour period after dosing contained concentrations
of unmetabolized technical grade DDT.
1 also analyzed the brain, breast, and liver tissues of a
domestic Chicken ( Callus domesticus ) after having added ICX) ug M>T/g
to each of the tissues. This experiment was conducted to determine the
amount of insecticide recovered from the tissues.
A five percent chromosorb W column was used in the gas chromato-
graph. The column temperature was 190®C and the rate of Nitrogen flow
was 125 ml/min.
The purified DDT samples were run in duplicate in the gas
chromatograph. If the two results were within 10 percent, the results
were averaged. If not, the samples were rerun.
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RESULTS
One hundred and twenty-nine ducklings hatched from 173 fertile
Wood Duck eggs that were incubated (Appendix, Table 5). The mean
percent hatch was 74 percent, but the percent hatch of individual
clutches ranged from 33 to 100 percent.
Fourteen infertile eggs were recorded (Appendix, Table 5), but
they were not included in the total mortality. Landauer (l95l) cited
the use of this procedure.
Of the 173 erabryonated eggs, 44 died at different periods during
incubation. These were grouped in one of three categories: four early-
stage (first two weeks); 34 late-stage (last two weeks); and six pipping
stage eggs (Appendix, Table 5).
There were three variables that could have affected viability of
embryos.
1. Artificial Incubation Period
Since the clutches were collected during a one-month period,
Grice and 1 could not find unincubated clutches at the end of the
period. Therefore, we supplemented the 11 unincubated clutches with
eight incubated clutches (Appendix, Table 6). Artificial incubation of
the clutches ranged from 12 to 32 days.
2. Moistening Period
Prior to determining that the air cells of the eggs were not
enlarging properly with respect to Hanson's (1954) chart, I had begun
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spraying 13 clutches with water* Therefore, the artificial moistening
period of clutches ranged from 0 to 30 days (Appendix, Table 6).
3. Insecticide Concentrations in Eggs
The mean DDT and DDE concentrations in eggs between clutches
ranged from 0.2 to 6.1 ug/g and from 0.2 to 3.6 ug/g of whole egg,
respectively (Appendix, Table 6). The concentrations of other insecti-
cides were not determined.
The DDT and IX)E concentrations in individual eggs within clutches
were equal to or greater than 1.0 ug/g in four clutches (Appendix,
Table 7). In one clutch, Sn3 , IX)T ranged from 1.0 to 13.7 ug/g and
DDE ranged from 1.1 to 6.1 ug/g of whole egg.
Due to the number of variables, the data of the hatchability test
could not be statistically analyzed.
When the clutches were grouped with respect to source area
(Appendix, Tables 5 to 7) or with respect to percent hatchability
(Appendix, Tables 8 to 10), no correlation was found between DDT and E®E
concentrations in eggs analyzed and the hatchability of the remaining
eggs from the same clutches.
IXjcklinq Survival Test
In a duckling survival test, seven of 129 ducklings died during
the first five weeks after hatching. Five of the ducklings died in the
first week after hatching; two ducklings died in the fourth week due to
overcrowding.
Four of the ducklings in the former group contained insecticide
concentrations that varied from 0.4 to 2.5 ug IX>T/g and 0.5 to 4.9 ug
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DDl^g whole duckling. The ducklings* weights ranged from 12.8 to 30.9
g prior to analysis.
The fifth duckling in the former group was examined for Salmonella
bacilli. It was found to be negative. Afterward, the carcass was in-
advertently lost before it was analyzed for DDT.
The two four-week-old ducklings contained 0.1 and 0.0 ug DDT/g,
and 0.1 and 0.3 ug DD^g whole duckling. Their weights were 148.0 and
319.5 g, respectively.
Because only 3.6 percent of the ducklings died in the first two
weeks after hatching and because those ducklings and their clutches
contained low to median concentrations of DDT and DDE with respect to
the mean concentrations found between all clutches, no correlation was
found between DDT and DDE concentrations in whole ducklings and the
survival rate of their respective broods.
Hand-reared Wood Djck Survival at Great Meadows
Twenty- six of the 96 young Wood Ducks released at Great Meadows
Refuge survived until the fall. These survivors were the only hand-
reared ducklings that were trapped at any time during the summer, even
though the ducklings had been released only two weeks before trapping
started. The 26 ducklings were trapped an average of 11.4 times versus
an average of four times for wild ducklings during the same period
(Grice, 1965).
Five of the hand-reared ducks were reported shot during the
waterfowl season (Grice, pers. comm., 1965). None of the remaining
21 ducks were found during the 1965 nesting season or trapping period.
^'. 0 ^ o:t : , :.L
'3y.ui.v0ub
.pnii .out
-.lorlw
. :i 3vl ,(is oJ' 10x1
:
-1
i'ii.U':.>I.J.,'^ bouic.Gxs 3CW qiioir ^rlJ- nc ytul .ou." djl-i >iT
-.u 2 '.v; 22 -o'x. o (^I,t dGWT >il.. . 2viJ-6 i: .n 9d oi oriuoi aoW
. :il !ogc,
'
'iOT 3 UVV j-i 9:£.il 9d j-2 .1 vX:^n
. yu (!. ) bnu I.J b »nicinoo ^nn cl ioLft blo-ioaw-'iuoi owi cJT
bus J. ,M v'nw 2ifi^)i9w Tiorfl
.^)nii..oub slodw y\aCK.; yu e.u bru. !.'> out,
.vloviJ-ooc^o 'd
ov'i i2c:;^ t.dj- v'i mou.o sy.Jiitoub ari.i- io inso-roi, d.£ y^rvo ejuso^t
2?ii0.n:Io irodd- bnd 2:.nii'<out> ')30.^.^ e^Vt-jod bnr v.uido.tcd cco,tle eioew
o& io vj'.-c: v-lc^iw :.v.M tiic TCC; Jo sr. .. cidT^nnonoo uuibsm o 3- wol boniccfnoo
-r.-; U'-' i. .,„ .cii-.o on .^yuo^olo Ilg noov^'J^ed bni'oi aiioxJ’Gitrioouoo n,.v oifj’
i
.. a. ucircoub 9 xo.iw ci jno ic^Lcciusonoo HW hn^ Ter ,d h.n-oJ
• JOOv'CuJ i,2 09u 3 OCC Ct^ '<dd Ito Ocfi'CC XtjVX- CCl72
2 ', 02 S 9 l-2 Ci 2 oiif'.; b<>ol'. t?ni,»ov; dV 9.IJ- "Jo xi2-y:}-n»',vT
"tu.-.i Vi-O .-low 3 Crovi«"I ..2 32 ,).fr .Xl.t 9.U IxJ-nU b0VXVXU2 Uj^h
,cc)..ru.«
--ub orci yrw faosM^cf- oiow iudt 2 yf.ii;.oifo
<u,.
..
2:t CC . ; 2
-ew ov;J- y [no t>t 2 ..o.[ 9 'i ne^cLb^d aonxi.'loub 9il+ dywilt
2U3CI'/ 2->n ;; i^.II Jo jpiCiDVu u., boqq.ij
.ccow 2;;nxlxuub d'C gnl
oca, j 2 odj- niaut. jynxi ouu bihv lol 30.: U auoJ Jo wu.cr9vo m;
.( 5u9I I 'Zii'itj)
odr pnia- . j-oda boctio. oa oiow aMoob hoi. oi-onsd erij- Jo 9v:
Ui.:£ 2a viJ- >0 iviu.v t.f.uoo
.22:9^ iiijiii') noa.soa IwoJcioJgw
.-.oia
.,, yniucar a'> 002202 JdW 2d:^ -uixcrui b.cuor ecrow 3 ;o;t^ I-
26
Chronic DDT-Dose Test
Ducklings from four Wood Duck broods (Appendix, Table 3) were
randomly placed in one of four dose groups of a chronic Ctt)T-dose test
that was conducted for five and one-half months. Eleven ducklings were
placed in the control group, nine were placed in the 20 mg DDT/kg
(level l) group, five in the 50 mg W)T/kg (level 2) group, and nine
ducklings were placed in the 100 mg I®T/kg (level 3) group. The duck-
lings were given oral doses daily. Of the 23 ducklings treated, six
survived.
Mortality
A duckling in each of the control, level 2, and level 3 groups
died within one month after the test was started (Table l). Oie of the
ducklings (level 2) had DDT concentrations that approached the mean
concentrations in the tissues of ducks that died of DDT poisoning after
the third month of the test (Table 2).
In the third and fourth months of the test, two and three duck-
lings died in levels 2 and 3, respectively, of DDT intoxication (Table l).
At the beginning of the fifth month, five (55 percent), one (20
percent), and four (44 percent) Wood Ducks died in the three dose
levels (Table l). No control ducks died during this ten-day period.
Galvanized waterers had been used at the beginning of this period,
iif SOX pgisoning Prior Death
After the third month of the test, most ducks were observed
tremoring prior to death. Dale and his colleagues (1963, p. 1474)
stated, "The action of DDT ... in animals is manifested almost entirely
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through the nervous system. The most prominent signs of poisoning from
this compound are muscle tremor, incoordination, and convulsions."
One Wood Duck was observed for an hour in severe tremors. She
intermittently raced around the pen and rested. When moving, she pushed
herself on her breast making no attempt to avoid objects in her way.
When resting, the duck could not stand. Her body trembled continuously.
Her wings and neck jerked uncontrollably. Her mouth gaped open and shut.
She drank water frequently. She gave no response when I waved a hand in
front of her eyes. Her tremoring increased and she died within two hours.
Weight-Change
The ducks generally gained weight steadily during the test.
Prior to the fifth month of the test, only one group of ducks, the
control group, lost weight (from 545. G g to 543.2 g) between two con-
secutive weighings in the third month. This mean weight-loss was not
significant. At the beginning of the fifth month, the six survivors of
the treated groups and eight control ducks lost weight after the
galvanized waterers were used (Table 3).
There was a mean weight-loss per duck of 11, 18, 4, and 19 grams,
respectively, in the control and three dose groups (Table 3). This
loss of weight was attributed to starvation, not to hourly weight
fluctuations for two reasons* (l) The biweekly weighings were made at
the same hour to avoid fluctuations in duckling bodyweight caused by
differential feeding activity during the day, and (2) Only two ducks
(control group) did not lose weight during this period.
During this period, I noted that the water consumption was low
and that the water pans were heavily sedimented with feces and feed when
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Table 1
Dose group, clutch, band number, weight, day of death, sex, total DDT
ingested, and time of death after last E©T dose of each Wood Duck that
died during the chronic EOT-dose test.
Grouo Clutch
Band
Number
Whole
Weight
Day
Died Sex
Total
DDT
Dose
Time of
Death after
Last Dose
(davs)
Control CD2 272 194. 5g 28 0
Level ASB2 173 452.6 125 F 1148.5 mg 3
1 CD3 279 486.0 125 F 1097.1 3
(20 BBi 164 486.1 127 M 1334.9 5
mg/kg) 3 BB, 163 445.2 128 M 1479.1 1
CD3 284 451.5 134 M 1204.7 7
Level CD2 277 159.8 16 «« 154.3 1
2 ASB2 169 418.7 84 F 1615.1 7
(50 ASB2 168 480.5 107 M 2468.0 1
mg/kg) CD3 282 418.0 123 F 2569.5 1
Level ASB2 174 289.6 31 - 37.8 1
3 BB^ 162 456.7 98 F 2689.3 5
(100 CD3 281 431.9 106 M 3508.0 5
mg/kg
r
ASB2 170 456.3 111 M 3875.5 5
ASB2 175 435.9 124 F 4466.8 2
BBj^ 165 497.2 126 F 5421.0 4
CD3 278 464.4 129 F 5079.6 2
CD2 270 469.5 130 M 5308.9 3
a. Number in parenthesis stands for daily dose of technical grade DDT.
b. Level 3 was dosed 5 mg DDT/kg bodyweight daily for 42 days. It was
dosed at the rate of 100 mg DDT/kg thereafter.
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Table 2
DDT and IX)E concentrations in the brain, breast, and liver tissues of
Wood Ducks dying during the chronic COT-dose test.
Time of
Death After Concentration of
Number of Last Dose Insecti- Insecticide in (ppm)
Level Ducks (days) cide Brain Liver Breast
1 5a 1 - 7
b 31 - 61 0-18 0-10
4 + 2^ 48 + 11 4+8 6+4
2 4 1-7
3+3 p,p* IX)T
37 - 61
49 + 10
0
0
2-15
9+5
3 7 2-5 32 - 72 0-7 5-18
4 ± 1 56 + 14 3+2 12+5
1 5 22-58 98 -174 7-34
46-14 136 + 33 24 + 10
2 4
o,p* DDT 19
- 40 45 -137 4-30
29 ± 10 99 + 35 15+9
3 7 19 - 41 92 -172 10 - 38
33 + 10 121 + 36 24+8
1 5 24 - 49 81 -124 6-24
41 + 10 100 + 17 19+7
2 4
p,p* DDE
27 - 54
37 + 12
35 - 91
65 + 26
5-27
12 + 10
3 7 23 - 49 52 -109 9-25
38+9 84 + 22 17+5
1 5 78 -166 193 -316 13 - 64
135 + 30 239+50 48 + 20
2 4 DDT + DDE 93 -137 80 -220 11 - 64
114 + 15 164 + 64 36+22
3 7 77 -162 129 -280 24 - 71
129 + 30 208 + 58 53 + 15
a. Only ducks which were thought to have died of DDT intoxication were
used in this table. Tremoring of ducks before death and DDT concen-
trations in tissues indicated DDT poisoning.
b. Range
c. Mean and standard deviation
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Table 3
The mean weights of Wood Ducks in the four groups of the chronic DDT-
dose test on three dates during the fourth and fifth months of the test.
GrouD
Number of
Ducks
Mean weiahts of Wood Ducks (a)
Weiahinq 1^ Weiahinq 2 Weiahinq 3
Control l(P 580.7 568.4 568.2
Level 1 4 576.0 558.0 567.2
Level 2 1 526.5 522.5 516.3
Level 3 1 562.9 544.1 557.9
a. The ducks were weighed one week prior to (Weighing l), at the end
of the week (Weighing 2), and three weeks after the galvanized
waterers were used.
b. Only ducks that survived this period were used in this table.
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I changed the water. I concluded that the ducks stopped drinking water
when the pans became too polluted. Consequently, the ducks stopped
eating until they could drink fresh water.
Effect of Starvation
Test Wood Ducks died from the combined effects of DDT poisoning
and starvation in the fifth month. There were two reasons for this
conclusion: (l) Mortality had begun in level 1, had accelerated in
levels 2 and 3, but had not occurred in the control group, and (2) The
ducks showed signs of IX)T poisoning prior to death and the insecticide
concentrations in their tissues were comparable to those in ducks dying
after the third month.
Survival Rates of Test Ducks Between the Four Broods
The survival rates of the test ducks between broods CD2 , ASB2 ,
BB^, and CD3 were 67, 25, 0, and 0 percent, respectively (Appendix,
Table 11 ). CD2 had the highest mean insecticide concentrations per egg
(Appendix, Table 6), was the second youngest clutch, had the second
longest artificial incubation period (Appendix, Table 6), but its
survival rate in this test was higher than any of the other broods. Due
to the small number of ducks and the large number of variables, this
data could not be analyzed statistically.
IgsegUgidg Concentrations in Tissues
1 ) Brain
The means and standard deviations of the brain insecticide
concentrations in the test V/ood Ducks were 52 + 11.7 ug p,p* DDT/g;
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36 + 11.9 ug o,p* WDT/g; and 39 + 9.2 ug p,p* DDE/g of tissue (Table 2).
It was concluded that the lethal brain concentration of DDT and its
metabolites in the Wood Ducks was 126 + 27.7 ug/g of tissue.
DDE was the end product of the catabolism to the two DDT isomers
recorded in this study (Peterson and Robinson, 1964), Thus the W)E
concentration in the brain was the primary indicator of the rate of IX)T
catabolism and detoxification in the central nervous system. The basic
mode of action of DDT has yet to be determined (Hayes, 1959).
2) Breast
The means and standard deviations of insecticide concentrations
in the breasts of test ducks were: 9 + 4.9 ug p,p* DDT/gj 20 + 9.3 ug
o,p* DDT/gj and 16 + 7.2 ug p,p* DDi^g of breast tissue (Table 2).
The breast insecticide concentration:brain insecticide concentra-
tion ratios for the three compounds weres 18; 58; and 41 percent. The
ratios indicated that either the catabolism of p,p* DDT was more rapid
in the breast than in the brain or that less p,p* DDT was transported
to the breast.
3) feiyfir
The catabolism in or translocation from the liver of p,p* IX)T
was so rapid that only 2 + 5 ug/g were found. Conversely, there were
high mean concentrations of o,p* DDT (113 ± 34 ug/g) and p,p* IX>E
(79+23 ug/g). Therefore, catabolism of p,p* DDT was significantly
faster in the liver than in the other tissues analyzed.
ReIa.U.Y.g Ratios Between TjL§su.^^
The p,p* DDT»o,p* DDT*p,p* COE concentration ratios in the three
respective tissues were: 51:36:39 (brain); 9:21:16 (breast); and
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2:119:83 (liver). With these data, it was concluded that technical
grade DDT (5 parts p,p* 1X>T:2 parts o,p* EOT) was catabolized in each
tissue. If catabolism had occurred predominantly in the liver, the
insecticide ratios would have been similar. Thus, there would be little
p,p* DDT in any of the tissues.
F.fical MalYSLfis
During the chronic DDT-dose test, DeWitt (pers. comm., 1964)
stated that oral administration of K)T in corn oil had limitations. He
had found that Mallard ducks rapidly excreted part of the dose.
When I analyzed the feces of two ducks (level 2), I found that
they had excreted more than 74 mg (20.1 percent of the dose) of unmeta-
bolized DDT in two hours after they were dosed.
Since all of the test ducks received approximately the same daily
volumes of solution, I believed that the percent of the dose that was
rapidly excreted varied little. Thus, the ratio of the DDT assimilated
by the ducks in the respective dose levels was proportional to that
administered (2:5:10).
Yi£ld £i Insecticides from Ti§§uss
To determine the percent yield of insecticide from the brain,
breast, and liver tissues, 100 ug p,p* EOT/g of tissue was mixed with
each of the three tissues of a chicken prior to preparation of the
tissues. The yields were: 88 ug DDT/g of brain; 83 ug DDT/g of breast;
and 84 ug DDT/g of liver tissue.
Chemists believe that the yield under these conditions is
greater than it is from tissue in which DDT is biochemically incorporated.
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This test did indicate that the percent of insecticide that was re-
covered from each tissue varied little between tissues (85 + 2.5 percent).
Insecticide Concentrations in Test Wood Ducks Fed Clean Diets for Six
Months after Chronic DDT-Dose Test Was Stopped
The survivors of the test were maintained on a diet without DDT
for six months after the end of the test. The ducks were then killed
and their tissues analyzed.
The brain, breast, and liver tissues of a sample of five control
ducks contained mean EOE concentrations of 0.6, 0.2, and 1.1 ug/g tissue,
respectively. Three livers contained p,p* EOT that ranged from 0.1 to
0.2 ug/g tissue. One breast tissue contained a trace of p,p* DDT and
o,p* DDT.
The respective tissues of three test Wood Ducks (one duck per
dose group) contained mean concentrations of 0.7, 0.3, and 0.0 ug p,p*
DDT/gj 0.1, 0.4, and 2.6 ug o,p' DDT/g; and 6.9, 5.2, and 11.8 ug p,p*
EOE/g tissue. Only in the liver tissues were the o,p* DDT concentra-
tions greater than 20 percent of the DDE concentrations.
In the tissues of both control and test ducks, the primary
compound was p,p* DDE, though in the tissues of the control ducks the
concentrations were lower.
It was concluded that after the test ducks were maintained on a
clean diet for six months, EOT in their tissues was metabolized to DDE
and that 94, 90, and 93 percent of the insecticides were eliminated
from their brain, breast, and liver tissues, respectively. Further, it
was concluded that the metabolism of o,p* DDT was slow in the liver.
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Whereas, the ratio of o,p*DDTip,p*DDE was 10:7 in test ducks dying during
the test, the ratio was 4:9 in the test ducks killed six months later.
Wild Wood Duck Insecticide Concentrations
Three wild ducks had brain concentrations of DDT that were
comparable to the concentrations in the test ducks in the chronic DDT-
dose test. The four other wild ducks contained brain concentrations of
DDT that approached the lowest concentrations found in test ducks that
died of W>T intoxication (Tables 2 and 4).
The liver tissues of the wild ducks contained 10 percent of the
concentrations found in the test ducks (Tables 2 and 4). This indicated
that the wild ducks had ingested considerably less DDT prior to death
than had the test ducks.
The comparable brain concentrations indicated that the wild ducks
had absorbed these concentrations by ingesting continuously IX)T in low
amounts or that they had ingested E®T at much higher rates within a few
months.
It was concluded that wild Wood IXicks without laboratory stress
survived DDT concentrations in their brains that caused mortality of
test ducks in a chronic MT-dose test.
DPT-Reoroductive Test
A DDT-reproductive test was totally unsuccessful. Five control
ducks from the chronic E®T-dose test died at the beginning of the test.
It was necessary to use three test drakes (level l) from the former test
(Appendix, Table 12). Neither control pairs nor test pairs bred during
the study.
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Table 4
Insecticide concentrations in tissues of wild Wood Ducks shot near the
Great Meadows Refuge from October 17 to October 31) 1964.
Brain Liver
Band DDT^ DDT
Number Sex Age Weight ug ug/g Weight ^9 ug/g
605-62203 M Im*^ 2.3 123 53.4 11.5 144 12.5
605-62423 M Im 2.4 144 60.0 9.0 172 19.1
606-62093 M Im 1.3 152 117.0 13.3 160 12.0
625-17508 M Ad 2.2 118 53.6 12.0 206 17.2
605-62492 F Im 2.5 268 107.0 10.9 181 16.6
595-26714 F Ad 2.8 140 50.0 10.3 123 12.0
595-26833 F Ad 2.8 284 101.0 10.0 265 26.5
a. Samples were analyzed one month after they were prepared, only p,p'
DDT was recorded.
b. Im = Immature, Ad = Adult.
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Courting activities were observed between the members of the
four pairs on several occasions, but their gonads were atrophied when
the ducks were killed. One reason for breeding failure was that the
Wood EXjcks had been randomly paired. Grayson and Grayson (l959) found
that Wood Ducks reproduced in captivity when pair bonds were formed
naturally.
The control pairs (level 1 drake not included) had n«an insecti-
cide concentrations in their brains, breast, and livers of 0.9, 0.3, and
0.0 ug p,p* W>T/g; 0.9, 0.2, and 0.7 ug o,p* M>T/g; and 1.6, 0.2, and
0.8 ug p,p* DDE/g tissue, respectively.
The insecticide concentrations in test drakes were different
from those in test ducks due to the different histories of the sexes
(Appendix, Table 13). All tissues of the test. Wood Ducks in this test
had less than 20 percent of the insecticide concentrations found in
tissues of test ducks that had died from M)T intoxication in the former
test (Table 2 and Appendix, Table 13).
Every duck in this test was in prime condition when it was
killed, as evidenced by the amount of its depot fats, condition of its
plumage, and condition of its breast muscle.
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DISCUSSION
Hatchabilitv and Survival of Young Wood Ducks
A comparison of high mortality of wild Wood IXjck ducklings
(Grice, 1963) with high late-stage embryo mortality in this study indi-
cated that conditions were optimum in neither the Wood IXick habitat nor
the laboratory incubators. Conversely, pre-hatching mortality in the
wild and post-hatching mortality in the laboratory were low.
Due to the limited data recorded from the hatchability test, a
comparison between laboratory mortality and wild mortality was not
justified. The relative effects of insecticide concentrations in
developing embryos and in insect food of young Wood Ducks are not known.
i/Airster and his colleagues (op. cit.) thought that Tree Swallows had
acquired lethal doses of DDT from living insect food.
While hand-reared ducklings released at Great Meadows Refuge had
a 28 percent survival rate from five weeks old until their first fall,
wild ducklings had a 23 percent survival rate from hatching until the
fall (Grice, 1965). But the clutches of hand-reared ducklings had had
a 25 percent embryonic mortality, whereas the clutches of the wild
ducklings had had low embryonic mortality. Thus, a percent ratio of
fall duckling survival:total fertile eggs incubated was 19 percent in
the case of the hand-reared group, but 23 percent in the wild group.
The hand-reared ducklings were less hardy than the wild duck-
lings, because the plumage of the former were not well oiled and the
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former ducklings had not had the struggle for survival during their
first five weeks of life. I noted that hand-reared ducklings swam low
in the water when they first entered the water at Great Meadows Refuge.
Vi/hethfer or not the limiting factors of survival for the two groups were
the same factors, survival in each group was low.
Although there was no correlation in time of duckling mortality
in the wild and in the laboratory, it was learned that a prolonged term
of daily dosing of 50 and 100 mg DDT/kg bodyweight was lethal to young
Wood Ducks. Chronic DDT-dosing at the rate of 20 mg/kg was not lethal
to ducklings in optimum laboratory conditions, but 56 percent mortality
occurred in this group of ducklings after a period of starvation.
After-Effects of Chronic DDT-Dosino of Young Wood Ducks
When test Wood IXicks were maintained for six months on a diet
without K)T, greater than 90 percent of DDT and its metabolites were
eliminated from the three tissues analyzed. One test female (level 3)
survived the chronic ODT-dose test and was placed in the reproductive
test to determine if a DDT diet during the first six months of her life
affected her reproductivity. Unfortunately, she died early in the re-
productive test.
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CONCLUSIONS AND RECOMMENDATIONS
Due to the number of variables in the Wood Duck hatchability
test, no conclusions could be drawn as to whether or not DDT affected
the viability of embryos.
In a duckling survival test no correlation was found between DDT
concentrations found in the whole ducklings or in the eggs from their
clutches and mortality of the ducklings.
In a chronic DDT-dose test, it was determined that more than 40
percent of the ducklings receiving daily oral doses of 50 and 100 mg DDT
in corn oil/kg of bodyweight died in standard laboratory conditions.
Though no ducklings receiving 20 mg DDT/kg died under these conditions,
more than 50 percent of them died under starvation conditions. The
ducks in the other dose groups died at an accelerated rate during this
period, whereas no control ducks died. All groups lost weight during
the starvation period.
It was determined that the mean DDT+M)E concentration in the
brains of the test ducks that died was 126 i 27.7 ug/g of tissue. No
correlation was found between the insecticide concentrations found in
the brains and the liver and breast tissues. The E©E concentration in
the brain was the primary indicator in this study of the rate of
catabolism and detoxification of DDT in the central nervous system.
The insecticide concentrations in three test ducks that were
maintained on control diets for six months after the chronic dose test
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was stopped were less than ten percent of the concentrations found in
ducks that died during the test* TTie primary compound was DDE which
indicated that in all tissues analyzed, E>DT was catabolized to DDE.
The brains of seven wild Wood Ducks from the SuAsCo Watershed
contained DDT concentrations that approached the concentrations found
in the chronic dose test ducks* It was felt that laboratory stress in
addition to DDT caused the deaths of the test ducks.
Since this study was a pilot laboratory study cn the effects of
DDT on Wood Duck productivity, many variables were encountered which
could be eliminated from a future study*
First, the Wood Duck clutches collected should be of one age.
Since incubated clutches had better hatchability than unincubated
clutches and since the sizes of the clutches would vary less, clutches
that have been incubated for approximately one week should be used in
the study*
Secondly, the MDT concentrations in Wood Duck eggs should be
more uniform within individual clutches and the concentrations between
clutches should vary* This could be resolved by injecting ES>T into the
eggs at known concentrations, such as 1, 5, 10, and 20 mg/kg of whole
egg*
Further, ducklings should be placed on diets containing DDT
immediately after hatching* II©T concentrations in the feed should
range from 500 to 2,000 ppm*
If a reproductive study is to be conducted, the Wood Ducks
should be allowed to pair naturally. The pens should be larger and
more secluded
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Concurrent with the future laboratory study, an ecological study
should be conducted in the SuAsCo Watershed to determine the insecticide
concentrations in adult Wood Ducks, in their eggs and ducklings, and in
their environment. Thus, it could be determined how much insecticide
was transferred from the adult Wood Duck to her eggs and also how much
insecticide the ducklings were ingesting in their first weeks of life.
Lastly, DC© concentrations should be determined in the eggs and
tissues in addition to the other compounds determined in this study.
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SUMMARY
From the spring of 1964 until the summer of 1965, a laboratory
study was conducted on the effects of DDT on the productivity of
captive Wood Ducks ( Aix sponsa ) by the Massachusetts Cooperative Wild-
life Research Unit at the University of Massachusetts, Amherst. The
study was initiated because the productivity of Wood Ducks in the
Sudbury Assabet Concord River (SuAsCo) Watershed in eastern Massa-
chusetts had decreased significantly since 1956. It had been determined
that DDT was in many of the Wood IXick eggs from this area.
The objectives of the study were: l) to determine vi^ether DDT
was present in the eggs and ducklings of wild Wood IXjck pairs; 2) to
determine whether these amounts of DDT affected the viability of embryos
and the survival of ducklings under laboratory conditions; 3) to deter-
mine the effects on and the concentrations in ducklings of DDT ad-
ministered to the ducklings for a prolonged period; and 4) to determine
insecticide concentrations in wild Wood Ducks shot during the fall that
had been feeding in known areas.
In 1964, 19 Wood IXick clutches ranging in size from seven to 23
eggs were collected from areas within or near the SuAsCo Watershed.
Prior to artificial incubation, several Cl to 2} eggs were separated
from each clutch for insecticide analysis by gas chromatography. Both
incubated and unincubated clutches had been collected, therefore
artificial incubation of clutches ranged from 12 to 32 days. The
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clutches were incubated at a temperature and relative humidity of 99 .5®?
and 85-87 percent until the twenty-fifth day of incubation* Thereafter,
they were incubated at 98®F and 92-95 percent*
The first thirteen clutches to be incubated were sprayed with
warm water daily* This procedure was curtailed when it was found that
the air cells of the eggs were not erilarging properly and that high
mortality had occurred during the last two weeks of incubation* The
periods of spraying clutches with water ranged from zero to 30 days*
From 173 eggs incubated, 129 ducklings hatched (74 percent). The
hatch within clutches ranged from 33 to 100 percent* Fourteen eggs were
infertile, four died during the first two weeks, 34 died during the last
two weeks, and six eggs died during pipping*
All nonviable eggs were analyzed for insecticides in addition to
the control eggs* The mean concentrations of DDT and E©E in eggs be-
tween clutches ranged from 0*2 to 6*1 ug/g and 0.2 to 3*6 ug/g of whole
egg* EXie to the number of variables in the hatchability test, it was
not determined as to whether or not there was a correlation between DDT
concentrations in Wood Duck eggs and hatchability of their clutches*
Of 129 ducklings hatched, five died during the first week and
two died during the fourth week after hatching in a duckling survival
test* The ducklings that died were analyzed for insecticides. No
correlation was found either between DDT concentrations in the duck-
lings or between the concentrations found in the eggs of their clutches
and mortality of the ducklings*
Ninety- six hand-reared Wood IXick ducklings were released at the
Great Meadows National Wildlife Refuge, Concord, Massachusetts for
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further observation. Of these, 26 survived until the fall and five of
the 26 were reported shot during the hunting season. None of the
remaining hand-reared ducks were observed during the 1965 management
studies.
The ducklings from each of four broods were randomly placed in
one of four dose groups of a chronic DDT-dose test that was conducted
for five and one-half months. Initially, the ducklings were given oral
doses daily of 0, 20, 50, and 5 mg technical grade DDT in corn oil/kg
of bodyweight. There were 11, nine, five, and nine ducklings in the
respective groups. To determine the proper doses, the ducklings were
weighed initially and once per week thereafter.
After one month, no mortality could be attributed to DDT, there-
fore the 5 mg DOT/kg dose group was changed to a 100 mg DDT/kg daily
dose. Further the ducklings were dosed once per week and were weighed
every other week.
After the third month of the test, most of the ducklings that
died were observed tremoring prior to death. Tremoring is a symptom of
DDT intoxication. More than 40 percent of the ducklings dosed at 50 and
100 mg UDl/kg died under standard laboratory conditions. No ducks died
in the 20 mg DDT/kg dose group under the same conditions. Under
starvation conditions all groups lost weight and more than 50 percent
mortality occurred in the 20 mg IX)T/kg dose group. Death occurred at
an accelerated rate in the other dose groups, but no mortality occurred
in the control group.
The brain, breast, and liver tissues of the ducks that died
during the chronic dose test were analyzed for p,p* DDT, o,p* EDT, and
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p,p* DDE by gas chromatography. The mean DDT+DDE concentrations found
in these tissues werei 126 + 27.7 ug/gj 44 + 17.6 ug/g; and 188 + 49.2
ug/g of tissue) respectively. No standard DDT+I®E concentration ratio
was found between the three tissues. The relative ratios of the three
insecticides in a tissue varied between the three tissues.
Oral dosing of ducklings was considered an inferior method be-
cause over 20 percent of the dose was excreted in their feces by the
ducks within two hours after dosing. Since all dose groups received
similar dose volumes) the relative percent of the dose excreted was con-
sidered to have varied little.
The brain and liver tissues of seven wild Wood IXicks were found
to contain DDT concentrations approaching those found in the test Wood
Ducks* brains and only a small percent of the DDT found in the test
ducks* livers. It was considered that the test Wood Ducks were under
stress which in addition to IX>T caused their deaths.
Three test Wood IXicks were maintained on a control diet for six
months after the chronic dose test was stopped. Their tissues were
found to contain less than 10 percent of the EM)T+DDE that was found in
the test ducks that died during the test. In addition) most of the
insecticide was in the form of DDE.
An unsuccessful lX>T-reproductive study was conducted in the
spring of 1965. It was felt that no reproduction occurred because pair
bonds were not allowed to form naturally between the ducks and because
the ducks did not have proper seclusion.
It was felt that a future laboratory study should be conducted
in which the data could be statistically analyzed. In addition) an
aiioi.i'c'xj ;oci. )0 n&d* ariT .vfl
, o'lilo i> \;u .i\'^
.
^3v; 3 > : 2 ii ^3 D.ii ni
oi.tt.a iio iu tii-tnuoaoD i.vtLtTC‘' a oA *'/i io ^-s^u
affile ori.t Vo .30it,..'i ?vi:i''-..t.*'i .lauoicJ’ :>• 'i-ij- y,1j- rv^awi-Qd bnuoV
soiJ33.id v'-'kIcJ' ii.t no9\sJ-ec- i -jit a’ >u33id s nl tdoasai
-dd i-Oili noiiox ix a:* k indJaaoo j. w 2or.iI -'.ou; Vm t^i^ob i^i,
3 .''a 9^ ‘it. lid ni La.i-o-ijco 3 . ,. o>ol' arid to dtvioi^-- Oi i^vo t>JtJ4,D
bevt'jDi'i 3 Aioif '3Qb Ls.^ aoiii'^ -'r.'ii^ot 'xadi.a Riood uvud ai.uiw dAoin:-
4
-i:)0 3 -v; . ii'^'rorty v^n add io dnaj'i^u. svidbioi ti.id jjat.ulov #nob -Sfilic i’
.elddil uQ i'l. v ever! od oeiabia
br.uo': .-iZ-:": 3 ,oto ;>o,tW bliw n®vt»2 do z9voiii zuil or.i ni.;!. SiiT
: ) if; d io.r
-id ni ‘.muoi eaoHd oni.iouoi^
-jo anoidtidn -Oiioo TOC nxidnoD od
•3 >.' ^ id ni cnuoi T\.^' arid do dnoo-©'; e. \Lno bns anlw'ii 'odouQ
labni; »i.>w 3 'o-.‘ uo ii. dead edd d^fld bott 3 r.‘.. di .aievil 'jdouL
..^ id ADC li.idd baau&o r.* jd noxdirbt ni doldw aioade
xt3 I dj' ’.' ioa.i i-.'.'o t. no ba.n i.:dni*’’ a'lw bo..u. dead - xiT
3ou33.£d iiiodT .booiioda 3tiv; +av.d rij i oiiioxdo add ccadt® 3:i.,n»3«;
X bnuob d.>;ld .“IUCitTVa. odd Vo dn^oioq Oi r. :r|d s jol nlodnoo od bnu-o'
*;l-t VO do r jnoid id.. ,. nl .,33d 9-id pni'inb baib *..dd a iott' deod odd
...ut; do . 1:41 s.id ni 3; w o.iioido.oni
.'lid i t bado icnoo oow ovidauboi loa-T *) lui 330 -oi o .b iV.
i:
<
oioaoj ;. 'iiroao noidoos. oa oi on dbdd dlyd 3 ..w dl .^'>^’1 Vo mi-i-.s
0 ..a OiU. o.'.a!ii -jd;,' no A.'dod yll Aiiidc.-. .iioi od towoiis don M ^vr coiioa
.noxoulc<=(3 Tojoi, ovi,d don ( 1. a.^oii' Jaxid
codoubn '0 la birodo \lvj: \ 10d^i1odi;I '-^zL^fvt n dcri, dl-.^b 3 f.w dl
;n ; . Idi' V. .a ir.'f/.ijo.-. vlltoido tji.do oo Mu-./o od.-o odd dax.h; ix
47
ecological study should be conducted in the SuAsCo Watershed to
determine the insecticide concentrations in Wood Duck eggs, Wood IXjcks,
and their environment.
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APPENDIX
Table 1
The names of the insecticides abbreviated in the text (Negherbon, 1959).
p,p* IX)T = l,l,l-trichloro-2,2-bis(p“Chlorophenyl) ethane
o, p* EOT = l,l,l-trichloro-2-(o-chlorophenyl)-2-(_p-chlorophenyl)ethane
p,
p* DDE = l,l-dichloro-2,2-bis(p-chlorophenyl) ethylene
p,p* DDD = l,l-dichloro-2,2-bis(j2-chlorophenyl) ethane
I it.
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APPENDIX
Table 2
The areas of collection, dates of collection, number of eggs in, and the
number of eggs sampled from clutches collected in eastern Massachusetts
for a hatchability test.
Clutch Date Number Eggs Sampled
Area Symbol Collected of Eggs for Analysis
Wash Brook
Wayland
WBi 4/13/64 12
Mill Pond
Littleton
AB 4/13 8
Snakebrook Pond
Wayland
Sn^^ 4/13 13
Snakebrook Pond
Wayland
Sn2 4/13 8
Assabet Brook
Stow
ASB^ 4/13 13
Ice House Pond
Acton
4/27 7
Snakebrook Pond
Wayland
4/28 17
Lake Chaubunagung-
amaug, Webster
h 4/30 10
Lake Chaubunagung-
amaug, Webster
W2 4/30 13
Lake Chaubunagung-
amaug, Webster
W3 4/30 11
Upper Pond
Westboro
CD^*^ 5/ 6 23
Ayer Game Farm
Ayer
5/ 6 10
Ayer Game Farm
Ayer
GF2 5/ 6 10
2
2
2
2
2
1
2
2
2
2
2
2
2
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APPENDIX
Table 2 (cent.)
Area
Clutch
Symbol
Date
Collected
Number
of Eggs
Eggs Sampled
for Analysis
Assabet Brook
Stow
ASB2
^ 5/15/64 15 2
Beaver Brook
Littleton
BBj^ 5/15 10 2
Ice House Pond
Acton
ICi 5/15 8 2
Ice House Pond
Acton
IC2 5/15 12 2
Upper Pond
Westboro
CD2 5/15 12 2
Upper Pond
Westboro
CD3 5/15 12 2
a* Incubated after a transport period of 24 hours
b. Probable Dunp-nest (Grice, 1957).
c. Possible Dump-nest.
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APPENDIX
Figure 1
(a letter to hunters in the SuAsCo Watershed)
October 10, 1964
Dear
As a hunter interested in the welfare of wildlife, and waterfowl
in particular, you are well aware of the problems which have arisen
from the widespread use of chemical insecticides. One of our local
ducks, the wood duck, is known to carry DDT, but little is known of
how, when, or where the DDT is obtained and what effects it has on wood
duck survival.
In the course of a study on wood ducks and DDT, I would like to
enlist your help. Ninety-six ducklings were raised, banded, and re-
leased at Great Meadows. TWo eggs from each clutch from which these
ducklings came, were analyzed to determine whether or not the wood duck
hen had deposited DDT in her eggs. I would like to follow up on these
banded ducklings and other banded wood ducks shot along the Concord
River during the early waterfowl season by asking you tos
1) call me at Em. 9-2173 on Saturday, if you have shot
a banded wood duck late in the week, in order that I
may collect, dress, and return the duck ready for the
table.
2) send the enclosed postcard, if you have shot a banded
wood duck early in the week, so that I will pick up
the duck the next Saturday.
3) refrigerate in a package, the head and internal organs
of the wood duck, if you wish to clean the duck before
the week-end.
4) send the postcard at the season's end, if you have shot
any unbanded wood ducks.
I believe that your help today, will add to your future water-
fowling enjoyment. I wish you the best of luck during the coming season,
especially with respect to wood ducks I
Appreciatively,
Samuel R. Jewell
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APPENDIX
Table 3
Number of Wood Duck ducklings from four broods tested at three dose
levels in a chronic COT-dose test.
Clutch
Symbol
Number of IXicklinas in Each Grouo
Control Level 1 Level 2 Level 3^
ASB2 3 3 2 3
3 2 0 2
CMa0 3 2 2 2
CD3 2 2 1 2
Total 11 9 5 9
a. Level 3 was changed from doses of 5 mg DDT/kg to 100 mg DDT/kg on
the forty- second day of the test.
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APPENDIX
Table 4
Formulations of Purina IXjck Growena and Purina Turkey Growena #2,
Duck Growena Turkey Growena #2
Crude Protein not less than 16*C^ 20.0^
Crude Fat not less than 3.0 3.0
Crude Fiber not more than 5.0 6.0
Differing Ingredients Corn gluten meal,
wheat red dog, con-
densed fish solubles,
bentonite.
BHT (a preservative),
zinc bacitracin, calcium
pantothenate, pyridoxine
hydrochloride. Vitamin E
supplement, menadione
sodium bisulfite ( source
of Vitamin K activity)
methionine hydroxy anal-
ogue calcium.
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APPENDIX
Table 5
Hatchability and mortality in the Wood Duck clutches in the hatchability
test.
Clutch
Symbol
Percent
Hatch
Fertile Eggs Infertile
Eggs
Nonviable Eqqs
Incubated Hatched Early Late Pipping
Sn^ 67 9 6 2 0 2 1
Sn2 50 4 2 2 0 2 0
Sn3
-i£ 7 _1 0 6 —1
56 27 15 5 0 10 2
IC4 33 6 2 0 0 4 0
ICi 33 6 2 0 1 3 0
IC2 m JLO -10 0 0 0 0
64 22 14 0 1 7 0
“1 75 8 6 0 0 2 0
W2 100 11 11 0 0 0 0
«3
-25 —5 -Ju 0 1 -J.
85 27 23 1 0 3 1
CD 76 21 16 0 1 2 2
CD2 100 9 9 1 0 0 0
CD3
-SQ -JS 0 0 —1 -1
82 40 33 1 1 3 3
ASBjj^ 46 11 5 0 0 6 0
ASB2 ioo
-U -11 2 0 0 0
73 22 16 2 0 6 0
°^1 100 8 8 0 0 0 0
GF2 8 6 0
-1 -J. 0
87 16 14 0 1 1 0
WBjl 50 8 4 2 0 4 0
AB 75 4 3 2 1 0 0
BBi 100 7 7 1 0 0 0
Total 74 173 129 14 4 34 6
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APPENDIX
Table 6
Duration of artificial incubation, water-moistening, and DDT and DDE
concentrations in clutches of Wood Duck eggs in the hatchability test.
Clutch
Svmbol
Percent
Hatch
Davs of Artificial
Water-
Incubation Moistenina
Eggs
Analyzed
Mean Concentrations
DDT DDE (ua/o)
Sn^^ 67 31 30 7 2.6 1.1
Sn2 50 32 30 6 2.2 0.8
Sn3 50 30 16 10 6.1 3.6
IC4 33 32 16 5 0.8 0.6
ICi 33 31 0 6 1.6 1.6
IC2 100 12 0 2 5.4 3.5
Wl 75 30 14 4 0.4 0.6
W2 100 18 14 2 0.2 0.2
75 31 14 5 0.3 0.2
CDi 76 26 8 7 0.2 0.5
CD2 100 27 0 3 0.4 0.5
CD3 80 30 0 4 0.3 0.2
ASBi 46 32 30 6 0.2 0.2
ASB2 100 26 0 4 0.2 0.2
GFi 100 15 8 2 0.9 2.1
GF2 75 20 8 4 0.4 0.3
WBi 50 33 30 6 0.9 0.3
AB 75 32 30 5 0.3 0.5
BB^ 100 25 0 3 0.2 0.3
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APPENDIX
Table 7
The concentration of DDT and I®E in the eggs analyzed from Wood Duck
clutches in a hatchability test.
Clutch Eggs Whole Egg Insecticide Concentration (uo/g)
Symbol Analyzed Weights DDT DDE DDTtDDE
Snj^ 7 19 - 343 1.5 - 4.7 0.4 - 1.7 2.3 - 6.3
27 + 5b 2.6 + 1.4 1.1 + 0.5 3.8 + 1.8
Sn2 6 15 — 33 1.4 _ 2.6 0.6 - 1.6 2.1 - 3.7
27 ± 8 2.2 + 0.4 0.8 + 0.4 3.0 + 0.6
Sn3 10 24 > 35 1.0 -13.7 1.1 6.1 2.1 -17.3
32 + 3 6.1 + 4.6 3.6 + 1.6 9.6 + 5.6
IC4 5 18 36 0.5 1.0 0.5 0.7 1.0 - 1.7
28 + 7 0.8 + 0.4 0.6 + 0.1 1.4 + 0.3
01— 6 30 — 40 1.2 1.8 1.1 1.8 2.4 - 3.6
36 + 3 1.6 0.2 1.6 + 0.3 3.2 + 0.4
IC2 2 30 31 3.9 — 7.0 2.2 4.7 5.9 -11.7
31 + 1 5.4 + 2.2 3.5 + 1.8 8.8 ± 4.1
Wl 4 32 • 43 0.3 — 0.5 0.4 0.9 0.6 - 1.3
38 + 4 0.4 + 0.1 0.6 + 0.2 1.0 + 0.3
W2 2 36 38 0.1 0.2 0.1 0.2 0.3 - 0.4
37 + 1 0.2 + 0.1 0.2 + 0.1 0.3 + 0.1
W3 5 31 41 0.1 0.8 0.1 _ 0.2 0.2 - 1.0
38 + 4 0.3 + 0.3 0.2 + 0.1 0.5 + 0.4
CDi 7 12 40 0.1 _ 0.3 0.2 1.0 0.3 - 1.2
32 + 10 0.2 + 0.1 0.5 + 0.3 0.7 + 0.3
CD2 3 31 — 35 0.4 0.4 0.5 0.8 - 1.0
33 + 2 0.4 + 0 0.5 + 0.1 0.9 + 0.1
CD3 4 21 33 0.2 0.4 0.2 0.3 0.6
28 + 5 0.3 + 0.1 0.2 + 0.1 0.6 0+1
ASBj^ 6 39 42 0.1 0.3 0.1 0.3 0.2 - 0.6
40 + 2 0.2 + 0.1 0.2 + 0.1 0.4 + 0.1
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APPENDIX
Table 7 (cent.)
Clutch
Symbol
Eggs
Analyzed
Whole Egg
Weights
Insecticide Concentration (ua/a)
DDT DDE DDT+DDE
ASB2 4 40 - 42 0.1 - 0.2 0.2 0.3 - 0.4
41+1 0.2 +0.02 0.2 + 0 0.4 +0.02
GF;^ 2 40 - 41 0.8 - 1.0 1.8 - 2.4 2.8 - 3.2
41+1 0.9 + 0.1 2.1 + 0.4 3.0 + 0.3
GF2 4 33 - 40 0.4 - 0.5 0.3 - 0.4 0.6 - 0.937+3 0.4 +0.02 0.3 +0.02 0.8 + 0.1
WB^ 6 37 - 41 0.7 - 1.1 0.3 - 0.5 1.1 - 1.6
40+2 0.9 + 0.1 0.3 + 0.1 1.3 + 0.2
AB 5 35 - 42 0.2 - 0.4 0.3 - 0.6 0.5 - 1.1
38+3 0.3 + 0.1 0.5 + 0.1 0.8 + 0.2
BBi 3 36 - 38 0.1 - 0.3 0.3 0.4 - 0.6
37+1 0.2 + 0.1 0.3 + 0 0.5 +0.12
a* Range
b. Mean and standard deviation
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APPENDIX
Table 8
The number of Wood Duck eggs that hatched, were infertile or nonviable
in clutches that were grouped with respect to percent hatchability.
Condition
of Eggs
Number of Eaas in Percent Hatchabilitv Grouos
33 + 49 ± ^ 67 + 0?^ 76 ± 2% 100 + 0%
Incubated 12 42 11 62 60
Infertile 0 5 2 3 4
Fertile 12 37 9 59 56
Hatched 4 18 6 45 56
Nonviable 8 19 3 14 0
1. Early 1 0 0 3 0
2. Late 7 18 2 7 0
3. Pipping 0 1 4 0
Analyzed 11 32° 5 29 16
Total^ 15(2)^ 50(4) 13(1) 74(6) 72(6)
a« Mean percent hatchability and standard deviation.
b. Thirty-two eggs were analyzed, the results of four eggs were lost.
c. The number of eggs analyzed plus the number of eggs hatched equal
total number of eggs.
d. The number in parentheses equals the nun±)er of clutches.
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APPENDIX
Table 9
Duration of artificial incubation and water moistening of clutches
with respect to percent hatchability.
Duration of Procedure in Percent Hatchabilitv Group
Procedure 33% 49% 67% 76% 100%
Artificial
Incubation 32 days 32 31 28 20
Artificial
Moistening 8 26 30 13 4
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APPENDIX
Table 10
The mean concentration of IX)T and DDE in clutches with respect to mean
percent hatchability.
Insecticide
Insecticide Concentration (ua/a]1 in Percent Hatch Gtoud
335^ 495^ tn% 16% 100^
DDT 0.8 - 1.6^ 0.2 - 6.1 2.6 0.2 - 0.4 0.2 - 5.4
1.2 + 0.4*^ 2.4 + 2.3 2.6 ± 0 0.3 ± 0.07 1.2 + 1.9
DDE 0.6 - 1.6 0.2 - 3.6 1.1 0.2 - 0.6 0.2 - 3.5
1.1 + 0.5 1.2 + 1.4 1.1 ± 0 0.4 + 0.14 1.1 + 1.2
DDT+DDE 1.4 - 3.2 0.4 - 9.6 3.8 0.5 - 1.0 0.3 - 8.8
2.4 + 0.9 3.6 + 3.6 3.8 + 0 0.7 + 0.17 2.3 + 3.0
a. Range
b. Mean and standard deviation
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APPENDIX
Table 11
Survival in Wood Duck broods used in the chronic DDT-dose test.
Brood
Symbol
Mean Hatch
Date
Number of Ducks Survivina in Each Grouo
Level 1 Level 2 Level 3 Control
CD2 6/11 2(2)^ 1 ( 2) 1 ( 2 ) 2(3)
ASB2 6/10 2(3) 0( 2 ) 0( 3 ) 3( 3 )
BBj^ 6/ 9 0(2) -(0) 0(2) 3(3)
CD3 6/14 0(2) 0(1) 0( 2 ) 2( 2 )
Total 4 1 1 10
a. Number of ducks at the beginning of the test
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APPENDIX
Table 12
The chronic IX>T-dose test groups of the drake^ Wood Ducks used in the
DDT-reproductive test.
Clean Diet 100 Dom DDT Diet
1 2 1 2
Drake Level 1^ Control Level 1 Level 1
a. All females used in the DDT-reproductive test were from the control
group of the chronic IX>T-dose test.
b. Level 1 and Control refer to groups in which the drakes were placed
in the chronic [®T-dose test.
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APPENDIX
Table 13
The concentration of DDT and 1X>E in tissues of test Wood Ducks in the
DDT-reproductive test.
Sex Tissue
Insecticide Concentration (uo/g)
p,p' DDT o,p* DDT p,p* DDE
Female Brain 4 + 1^ 2 + 1 4 + 1
(2)a Breast 4 ± 1 4 + 1 2 + 0.4
Liver 0 19 + 1 6 + 1
Male Brain 12 + 5 4 + 1 8+6
(2) Breast 3 + 1 2 + 0.8 3 + 0.7
Liver 0 13 + 3 9+1
a. Number of ducks
b. Mean concentration and standard obviation
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